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TAPE DRIVE HEAD WITH LOWER CORE
LAYER SIDE INCLINED AT ANGLE EQUAL
TO OR GREATER THAN AZIMUTH ANGLE
AND ALIGNED WITH UPPER CORE LAYER

EDGE

CROSS REFERENCES TO RELATED
APPLICATIONS

The present document 1s based on Japanese Priority

Document JP 2002-292862, filed 1n the Japanese Patent
Office on Oct. 4, 2002, the entire contents of which being
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film magnetic head
constructed by laminating component parts such as a mag-
netic core, a coil and the like on a substrate using a thin film
forming process, and a magnetic tape drive including this
thin film magnetic head as a recording/reproducing head for
recording/reproducing signals on and from a recording tape.

2. Description of Related Art

Conventionally, as a recording head for recording signals
on a magnetic recording medium, a so-called bulk type
magnetic head has been employed, which forms a magnetic
circuit therein by disposing a pair of magnetic cores made of
a magnetic material opposite to each other to form a small
magnetic gap therebetween, and by winding coils around the
pair of the magnetic cores for generating a magnetic field
passing therethrough.

Further, along with the recent advancement in the high
density recording, a so-called metal-in-gap (MIG) type
magnetic head has been used 1n practice, in which a metal
magnetic thin film with a high saturation magnetic flux
density 1s deposited on opposed surfaces of a pair of
magnetic cores made of ferrite or the like, which are, then,
disposed adjacent to each other via a nonmagnetic film to
provide a magnetic gap therebetween.

Generally, the recording head supplies a current 1n
response to a recording signal to 1ts coil, then a magnetic
field generated from the coil allows 1ts magnetic flux to pass
through the pair of magnetic cores, thereby producing a
recording magnetic field across the magnetic gap so that by
applying this recording magnetic field to the magnetic
recording medium, the signal 1s recorded thereon.

By the way, 1n this type of the recording head, 1n order to
meet with a demand for a higher density recording capabil-
ity, 1t has become 1ncreasingly important to have a narrower
track width and improve accuracy of processing of this track
width. However, as there 1s a limit in the manufacture of the
aforementioned magnetic head using a micro fabrication
technique, 1t has become increasingly difficult further to a
narrower the track width corresponding to the demand for
the higher density recording capability.

Theretfore, a so-called thin film magnetic head has been
proposed as a recording head capable of meeting with the
demand for the higher density recording capability, which
can be constructed by laminating various component parts
on a substrate using a thin film process. This type of the thin
f1lm magnetic head has such advantages that, as their con-
stituting elements such as a magnetic core, a coil and the like
can be formed by a thin film forming method such as plating,
sputtering, 1on milling or the like, advantageous micro
fabrication of narrower tracks, a narrower gap or the like
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becomes easier, thereby enabling to reduce the size of the
device and 1mprove the recording density in the magnetic
recording medium.

An exemplary construction of the thin film magnetic head
will be described with reference to FIGS. 19, 20 and 21.

This thin film magnetic head 100 1s fabricated by lami-
nating a lower magnetic core layer 102 and an upper
magnetic core layer 103 on a substrate 101, which form a
magnetic circuit. Each of the lower magnetic core layer 101
and the upper magnetic core layer 103 has a protrusion 1024
and a protrusion 1034, respectively, formed at its end on the
side of a medium facing surface 100a opposing a magnetic
recording medium, protruding with each predetermined
track widths Twl' and Tw2', wherein by positioning the
protrusions 102z and 103z via a nonmagnetic layer 104
oppositely and adjacent to each other in the direction of
lamination, a magnetic gap G'1s formed. Further, at its other
end remote from the medium facing surface 100z 1in a depth
direction therefrom, the lower magnetic core layer 102 and
the upper magnetic core layer 103 are connected to form a
back gap. Then, a thin film coil 105 1s formed between the
lower magnetic core layer 102 and the upper magnetic core
layer 103 1n a state being wound around this back gap and
embedded 1n the nonmagnetic layer 104. An end of the thin
film coil 105 at an inner periphery of the coil and the other
end thereof at an outer periphery of the coil are extended
externally 1n an opposite direction from the medium facing
surface 100a to external connection terminals 105z and
10556 for connection with an external circuit. Further, as an
uppermost layer of the substrate 101, a protection layer 106
1s provided to cover the whole surface area excepting a
portion where the external connection terminals 1054 and
1055 of the thin film coil 105 are exposed.

Further, among this type of thin film magnetic head 100,
in order to meet with a demand for a still more 1improved
high density recording capability, there 1s such one as shown
i FIG. 22, in which, 1n addition to its narrowed track width,
its lower magnetic core layer 102 has a protrusion 1025
protruding therefrom adjacent and corresponding to a pro-
trusion 1034 of a upper magnetic core layer 103. In this thin
f1lm magnetic head 100, by counter-positioning the protru-
sion 102b on the lower magnetic core layer 102 correspond-
ing to the protrusion 1034 on the upper magnetic core layer
103 adjacent to each other 1n the direction of lamination via
a nonmagnetic layer 104, a magnetic gap G' 1s formed
therebetween, and also their widths are formed correspond-
ing to track widths Twl' and Tw2'. As described above,
according to the thin film magnetic head 100 shown 1n FIG.
22, in which the protrusion 10256 1s formed on the lower
magnetic core layer 102, to have a width corresponding to
a width of the protrusion 1034 on the upper magnetic core
layer 103, a leakage magnetic flux from a side surface 1n the
direction of the track width, 1.e., a side fringing can be
reduced. By suppressing an adverse ecffect of this side
fringing, a stabilized effective track width can be obtained.

According to the above thin film magnetic head 100, as
cach component element thereof 1s formed on the substrate
by means of the thin film process, it has become possible to
obtain a narrower width track and respond to the demand for
a still further improved high density recording on the
magnetic recording medium. Accordingly, this thin film
magnetic head 100 which has been initially used as a
recording/reproducing head for a high density magnetic
recording/reproducing apparatus 1n a magnetic disk drive
including a hard disk drive (HDD) is now being used for a
magnetic tape drive such as a video tape recorder (VIR) and

the like as well.
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By the way, 1 the above magnetic tape drive represented
by the VTR or the like, it is common to use a helical scan
system. In the magnetic drive using the helical scan system,
a magnetic tape runs 1n a state being helically wound 1n a
predetermined range of angles around an outer periphery of
a rotary drum. Further, a pair of recording heads 1s mounted
on this rotary drum with its magnetic gap exposed to outside
from the outer periphery thereof. Therefore, 1n this helical
scan system, when the rotary drum 1s driven to rotate while
the magnetic tape runs helically relative to the rotary drum,
the pair of recording heads mounted on the rotary drum are
enabled to scan helically or obliquely the magnetic tape.

Further, in this magnetic tape drive, whereas one of the
pair of the recording heads mounted on the rotary drum
applies a magnetic field 1n response to a recording signal on
the magnetic tape so as to form a recording track therecon
with a predetermined track width, the other one of the pair
of the recording heads applies a magnetic field in response
to a recording signal on the magnetic tape so as to form
another recording track with a predetermined track width at
a position adjacent to the previous recording track formed
thereon as described above. Then, by operating the pair of
the recording heads to form recording tracks on the magnetic
tape 1n repetition, recording tracks written by the one of the
pair of the recording heads and other recording tracks
written by the other one of the pair of the recording heads are
formed alternately on the magnetic tape.

Further, in this magnetic tape drive, by writing a follow-
ing recording track to slightly overlap a previously written
recording track, a non-recorded region between adjacent
recording tracks, 1.€., a so-called guard band 1s eliminated so
as to improve the recording density 1n the magnetic tape.

In addition, 1n this magnetic tape drive, as the pair of the
recording heads are disposed in such a manner that each
magnetic gap 1s slanted relative to a direction orthogonal to
a scanning direction of the recording head corresponding to
an azimuth angle, and that each azimuth angle 1s set an
opposite phase to each other, an interference between adja-
cent recording tracks, 1.e., a cross talk i1s suppressed to
minimum. This kind of recording method described above 1s
ogenerally referred to as the azimuth recording.

|Patent Document 1]

Japanese Patent Application Publication Laid Open No.
2001-236605 (page 4, FIG. 3) is referred to in the descrip-
tion of the present invention.

By the way, in the magnetic tape drive performing the
above-mentioned azimuth recording, when the thin film
magnetic head 100 described above 1s used as its recording
head, there 1s likely to arise a problem of a so-called side
erase 1n which a part of an adjacent recording track 1s erased.

The side erase 1s caused mainly by a leakage magnetic
flux from a side surface 1n a direction of the track width
described above, 1.e., a side Ifringing, in a non-azimuth
recording with no azimuth angle, and if such a side erase
occurs 1n a recording track, there arises a problem that an
S/N ratio drops because its reproducing head cannot read out
signals sufficiently from the recording track. Further, in a
case of the azimuth recording, as the thin film magnetic head
100 which 1s the pair of the recording head i1s disposed
obliquely corresponding to the azimuth angle, its leakage
magnetic flux generated from the side surface in the direc-
tion of the track width will have substantially a greater
degree of influence as the side fringing 1n comparison with
that 1n a case of the non-azimuth recording.

Further, 1n a case of the thin film magnetic head 100 as
shown 1n FIG. 22, even 1f its side fringing 1s reduced so that
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the 1influence thereof the side fringing becomes negligible, a
side erasing may take place owing to the azimuth recording.

More specifically, according to this thin film recording
head 100, it 1s normally arranged such that a recording bit
once recorded by a recording magnetic field generated at the
protrusion 1025 on the side of the lower magnetic core layer
102 which 1s positioned on a so-called leading side 1 a
scanning direction of the head 1s re-recorded by a recording
magnetic field generated at the protrusion 103a on the side
of the upper magnetic core layer 103 which 1s positioned,
opposite the leading side, on a so-called trailing side. Then,
in the case of the azimuth recording, as the thin film
magnetic head 100 1s disposed obliquely corresponding to
the azimuth angle as shown 1n FIG. 23, there occurs a
deviation 1n a direction orthogonal to the scanning direction
of the head, namely, 1n the direction of a track width,
between the protrusion 102b on the side of the lower
magnetic core layer 102 which 1s positioned on the leading
side and the protrusion 103a on the side of the upper
magnetic core layer 103 which 1s positioned on the trailing
side.

In this case, in a recording track formed on the magnetic
tape by the thin film magnetic head 100, there arises such a
problem that, because of a deviation in the direction of the
track width between a recording magnetic field generated by
the protrusion 1025 on the side of the lower magnetic core
layer 102 which 1s positioned on the leading side and a
recording magnetic field generated by the protrusion 103«
on the side of the upper magnetic core layer 103 which 1s
positioned on the trailing side, a recording bit 1s recorded
which 1nevitably includes a phase difference between a track
width Twl' of a recording bit recorded by the recording
magnetic field generated at the protrusion 102b on the side
of the lower magnetic core layer 102 and a track width Tw2'
of a recording bit recorded by the recording magnetic field
generated at the protrusion 1035 on the side of the upper
magnetic core layer 103, thereby reducing an effective track
width of this recording bit.

Further, there occurs another problem in this thin film
magnetic head 100 that along with the narrowing of the
track, 1ts side erase region increases gradually relative to a
track pitch, thereby deteriorating its S/N ratio further.

SUMMARY OF THE INVENTION

The present invention 1s contemplated to solve the afore-
mentioned problems associated with the related art. The
present invention provides a thin film magnetic head capable
of suppressing the occurrence of side erasing even 1if the
azimuth recording 1s carried out with respect to a magnetic
recording medium.

The present invention also provides a magnetic tape drive
which by use of the thin film magnetic head described above
as 1ts recording head for carrying out the azimuth recording
with respect to a magnetic tape can improve the recording
density in the magnetic tape.

A thin film magnetic head i1s provided according to a
preferred embodiment of the present invention, which is an
inductive thin film magnetic head in which: at least a bottom
magnetic core layer, a nonmagnetic layer and an upper
magnetic core layer are laminated on a substrate; each of the
lower magnetic core layer and the upper magnetic core layer
have a protrusion each formed on an end on a side of a
medium facing surface opposing a magnetic recording
medium, which protrudes at a predetermined track width
corresponding to a recording track to be formed on the
magnetic recording medium; the protrusions are disposed
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adjacent to each other 1n a direction of lamination via the
nonmagnetic layer to form a magnetic gap therebetween; the
lower magnetic core layer and the upper magnetic core layer
are connected at the other ends thereof 1n a depth direction
remote from the medium facing surface; and a thin film coil
1s wound around the other ends connected. In the thin film
magnetic head, the magnetic gap 1s disposed on the side of
the medium facing surface obliquely to a direction orthogo-
nal to a scanning direction of the head corresponding to an
azimuth angle, the upper magnetic core layer 1s positioned
on a leading side 1n a scanning direction of the head
preceding the lower magnetic core layer, the protrusion on
the side of the lower magnetic core layer has at least one side
surface 1n the direction of its track width, which 1s inclined
at an angle equal to or larger than its azimuth angle, and one
end of top side of the protrusion of the upper magnetic core
layer adjacent to the magnetic gap 1s aligned on a line drawn
extending from the inclined side surface of the protrusion on
the lower magnetic core layer.

As described hereinabove, 1n the thin film magnetic head
according to the preferred embodiment of the present inven-
tion, at least one side surface in the direction of the track
width of the protrusion on the lower magnetic core layer has
the inclined side surface inclined at an angle equal to or
orcater than the azimuth angle, and the one end of the top
side adjacent to the magnetic gap of the protrusion on the
upper magnetic core layer 1s aligned on the line drawn
extending from the inclined side surface of the lower mag-
netic core layer. Accordingly, it 1s enabled for a recording
magnetic field generated at the protrusion on the lower
magnetic core layer on the trailing side sufficiently to
re-record a recording bit recorded by a recording magnetic
field generated at the protrusion on the upper magnetic core
layer positioned on the leading side, 1n particular, in the
direction of the track width, thereby ensuring for the record-
ing bits to be recorded with the phase difference suppressed
in the recording track formed on the magnetic recording
medium.

A magnetic tape drive according to another preferred
embodiment of the present invention includes a tape running
means for running a magnetic tape and a recording head for
recording signals while making slide contact with the mag-
netic tape driven by the tape running means. In the magnetic
tape drive, the recording head for recording signals on the
magnetic tape 1s an mnductive thin film magnetic head. In the
magnetic head, at least a bottom magnetic core layer, a
nonmagnetic layer and an upper magnetic core layer are
laminated on a substrate, each of the lower magnetic core
layer and the upper magnetic core layer has a protrusion on
an end thereof on a side of a medium slide contact surface
opposing the magnetic tape, which protrudes with a prede-
termined track width corresponding to a recording track to
be formed on the magnetic tape; a magnetic gap 1s formed
by positioning these protrusions adjacent to each other 1n the
direction of lamination via the nonmagnetic layer; the lower
magnetic core layer and the upper magnetic core layer are
connected at the other ends thereof remote from the medium
slide contact surface 1n a depth direction therefrom; and a
thin film coil 1s wound around the connection therebetween.
In addition, this thin film magnetic head 1s characterized in
that the magnetic gap 1s disposed on the side of the medium
slide contact surface obliquely relative to a direction
orthogonal to a scanning direction of the head corresponding
to an azimuth angle, that the upper magnetic core layer 1s
positioned on a leading side preceding the lower magnetic
core layer in the scanning direction of the head, that the
protrusion on the lower magnetic core layer has at least one
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inclined side surface 1n a direction of 1ts track width inclined
at an angle equal to or greater than the azimuth angle, and
that one end of the top side of the protrusion of the upper
magnetic core layer which 1s adjacent to the magnetic gap 1s
aligned on a line drawn extending from the inclined side
surface of the protrusion on the lower magnetic core layer.

As heremabove described, 1n a thin film magnetic head for
a magnetic tape drive according to the present mnvention, at
least one side surface m the direction of the track width of
a protrusion on the lower magnetic core layer has an inclined
side surface inclined at an angle equal to or greater than the
azimuth angle, and one end of a top side adjacent to the
magnetic gap of a protrusion on the upper magnetic core
layer 1s positioned on a line drawn extending from the
inclined side surface of the protrusion on the lower magnetic
core layer. Therefore, 1t 1s enabled that a recording bait
recorded by a recording magnetic field generated at the
protrusion on the upper magnetic core layer which 1s posi-
tioned on the leading side in the scanning direction of the
head 1s fully re-recorded (overwritten), in particular, in the
direction of the track width by a recording magnetic field
generated at the protrusion on the lower magnetic core layer
which 1s positioned on the trailing side, thereby enabling for
this thin film magnetic head to record a recording bit with its
phase difference substantially suppressed 1 a recording
track formed on the magnetic recording medium.

Accordingly, 1n the magnetic tape drive embodying the
present 1nvention, even if the azimuth recording i1s per-
formed using this thin film magnetic head embodying the
invention, 1t 1s enabled to suppress the occurrences of both
the side erasing due to a difference in the direction of the
track width between the recording magnetic field generated
at the protrusion on the lower magnetic core layer on the
trailing side and the recording magnetic field generated at
the protrusion on the upper magnetic core layer on the
leading side as well as due to the side fringing, thereby
enabling to suppress a reduction in the effective track width
of the recording bit.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present mvention will become more apparent from the
following description of the presently preferred exemplary
embodiment of the invention taken in conjunction with the
accompanying drawings, 1n which:

FIG. 1 1s a plan view of a schematic diagram showing a
magnetic tape drive according to a preferred embodiment of
the present mvention;

FIG. 2 1s a perspective view showing an arrangement of
a head drum:;

FIG. 3 1s a perspective view showing a construction of a
thin film magnetic head according to a preferred embodi-
ment of the present invention;

FIG. 4 1s a perspective view showing a main part of
construction of the above thin film magnetic head,;

FIG. 5 1s a plan view showing the construction of the
above thin film magnetic head;

FIG. 6 1s a cross-sectional cut out view along line VI—VI
of the above thin film magnetic head;

FIG. 7 1s a side view of the above thin film magnetic head,
as observed from a medium facing surface;

FIG. 8 1s a schematic diagram indicating a scanning
condition 1n an azimuth recording of the above thin film
magnetic head;
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FIG. 9 1s a perspective view indicating a construction of
a thin film magnetic head according to another preferred
embodiment of the present invention;

FIG. 10 1s a perspective view showing a main part of a
construction of the thin film magnetic head of another
embodiment;

FIG. 11 1s a side view showing the construction of the thin
f1lm magnetic head of another embodiment as observed from
the medium facing surface;

FIG. 12 1s a schematic diagram showing a scanning
condition 1n an azimuth recording of the thin film magnetic
head of another embodiment;

FIG. 13 1s a schematic diagram showing an inversed
arrangement of the scanning condition in azimuth recording
for the thin film magnetic head of another embodiment;

FIGS. 14A and 14B are schematic diagrams showing
results of simulation for a recording bit recorded by a
conventional thin film magnetic head as shown 1n FIG. 23;

FIGS. 15A and 15B are schematic diagrams showing
results of stmulation for a recording bit recorded by the thin
f1lm magnetic head according to the preferred embodiment
of the present invention shown in FIG. §;

FIGS. 16A and 16B are schematic diagrams showing
results of stmulation for a recording bit recorded by the thin
f1lm magnetic head according to another preferred embodi-
ment of the present invention shown 1 FIG. 12;

FIGS. 17A and 17B are schematic diagrams showing
results of stmulation for a recording bit recorded by the thin
f1lm magnetic head shown 1n FIG. 13;

FIG. 18 1s a schematic diagram 1illustrating a recording
method for recording to a metal evaporated tape;

FIG. 19 1s a plan view showing an exemplary construction
of a conventional thin film head;

FIG. 20 1s a cross-sectional view cut out along line
XX—XX showing the construction of the above conven-
tional thin film magnetic head;

FIG. 21 1s a side view of the above conventional thin film
magnetic head as seen from its medium facing surface;

FIG. 22 1s a side view showing another arrangement of the
above conventional thin film head as seen from its medium
facing surface; and

FIG. 23 1s a schematic diagram showing a scanning
condition in azimuth recording of the above conventional
thin film magnetic head.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

By referring to the accompanying drawings, preferred
embodiments of the thin film magnetic head and the mag-
netic tape drive according to the present invention are
described 1n detail.

By referring to FIG. 1, a magnetic tape drive 1 according,
to the present invention records or reproduces mformation
signal on and from a magnetic tape 3 which 1s a magnetic
recording medium and stored 1n a tape cassette 2, by use of
a helical scan system. In the tape cassette 2, there are
provided a supply reel 4 rotatable for supplying the magnetic
tape 3 and a take-up reel § rotatable for winding the
magnetic tape 3 supplied from the supply reel 4.

By way of example, the magnetic tape 3 may include not
only a so-called coated tape which 1s manufactured by
coating ferromagnetic powders dispersed 1n a binder on a
nonmagnetic substrate, but also a so-called metal evaporated
tape which 1s manufactured by depositing a metal magnetic
f1lm which 1s obliquely oriented on a nonmagnetic substrate.

10

15

20

25

30

35

40

45

50

55

60

65

3

In this case, the deposition tape has various advantages such
as that it 1s superior 1n terms of a coercive force, remanent
magnetization, gradation and the like, as well as 1n its
clectro-magnetic conversion characteristic at short-wave-
lengths, but also that as a thickness of the magnetic layer
thereof can be reduced extremely small 1n comparison with
that of the coated tape, its record demagnetization and a
thickness loss at reproducing can be minimized, and that as
it 15 not necessary to combine a binder which 1s a nonmag-
netic material into the magnetic layer, it becomes possible to
improve a packing density of the magnetic material so as to
obtain a large magnetization. Therefore, by use of this metal
evaporated tape described above as the magnetic tape 3 1n
the tape cassette 2, 1t has been enabled to improve an
clectro-magnetic conversion characteristic thereof to obtain
a substantially greater output.

The magnetic tape drive 1 has a umit casing 6 which
allows loading and unloading the tape cassette 2. The unit
casing 6 1s provided with a plurality of guide rollers 7a—7f
for suspending and running the magnetic tape 3 between the

supply reel 4 and the take-up reel 5 when the tape cassette
2 1s loaded.

Between the guide rollers 7e and 7/, there 1s provided tape
running means including a pinch roller 8 for suspending the
magnetic tape 3, a capstan 9 for trapping the magnetic tape
3 together with the pinch roller 8, and a capstan motor 9a for
driving the capstan 9 to rotate. The magnetic tape 3 1n a state
being trapped between the pinch roller 8 and the capstan 9
1s caused to run 1n a direction indicated by an arrow B 1n
FIG. 1 at a constant speed and tension when the capstan 9
1s revolved m a direction indicated by an arrow A by the
capstan motor 9a.

Further, between the guide rollers 7¢ and 7d there 1s
provided a magnetic head drive 10 which 1s means for
recording and reproducing information. This magnetic head
drive 10 includes a head drum 13 on which pairs of
recording heads 11a, 115 and reproducing heads 12a, 125
arec mounted. The magnetic tape 3 pulled out from the tape
cassette 2 by the plurality of guide rollers 7a—7f described
above 1s caused to run in the direction of an arrow B in FIG.
1 1n a state being helically wound around the head drum 13
in a range of angle approximately of 180 degrees.

By referring to FIGS. 1 and 2, the head drum 13 which
includes a pair of a rotary drum 14 and a stationary drum 135,
as well as a drive motor 16 for driving the rotary drum 14
1s disposed slightly slanting with respect to a base of the unit
casing 6 1n a state with each center axes aligned therebe-
tween.

The stationary drum 15 constituting a bottom drum 1s
fixed and supported on the base plate of the unit casing 6.
There 1s formed a lead guide 17 for guiding the magnetic
tape 3 around a cylindrical external surface 154 thereof. The
magnetic tape 3 1s thus caused to run along this lead guide
17 obliquely slanting 1n the direction of rotation of the rotary

drum 14.

On the other hand, the rotary drum 14 constituting an
upper drum 1s supported rotatably on the stationary drum 135,
cach having an approximately similar diameter with each
center axis aligned therebetween, and 1s driven to rotate in
the direction of an arrow C shown 1n FIGS. 1 and 2 by the
drive motor 16 disposed below the stationary drum 15. On
an outer peripheral surface of the rotary drum 14 matching
that of the stationary drum 15, there are mounted a pair of
recording heads 1la, 11b for recording signals on the
magnetic tape 3, and a pair of reproducing heads 12a, 125
for reproducing signals from the magnetic tape 3.
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Each of the pair of the recording heads 11a, 115 1s an
inductive type magnetic head comprising a pair of magnetic
cores made of a soft magnetic material, laminated via a
magnetic gap, and a coil wound around the magnetic cores.
The recording heads 11a and 115 are disposed opposite to
cach other at 180 degrees of a center angle therebetween
around the axial center of the rotary drum 14. Further, the
recording heads 11a and 115 are disposed slightly protruding
from the outer peripheral surface of the rotary drum 14 so
that each recording gap 1s exposed externally therefrom.
Further, 1n order for the recording heads 11a and 115 to be
able to perform azimuth recording to the magnetic tape 3,
cach recording gap thereof 1s disposed slantingly relative to
a direction orthogonal to the running direction of the mag-
netic tape 3, corresponding to the azimuth angle. Further-
more, 1t 15 arranged such that the recording heads 11a and
115 have an azimuth angle of opposite phase from each
other.

On the other hand, each of the pair of the reproducing
heads 12a and 12b6 1s a magneto-resistive effect type mag-
netic head (hereinafter referred to as MR head) provided
with a magneto-resistive effect element (hereinafter referred
to as MR element) as a magnetometric element for sensing
signals from the magnetic tape 3. The reproducing heads 124
and 12b are disposed opposite to each other at 180 degrees
of a center angle therebetween around the axial center of the
rotary drum 14. Further, the reproducing heads 12a and 125
are disposed slightly protruding from the external surface of
the rotary drum 14 so that each reproducing gap 1s exposed
externally therefrom. Further, in order for the pair of the
reproducing heads 12a and 12b to be able to reproduce an
azimuth recorded signal from the magnetic tape 3, each
reproducing gap thereof 1s disposed slantingly relative to the
direction approximately orthogonal to the running direction
of the magnetic tape 3 corresponding to the azimuth angle.
Furthermore, 1t 1s arranged such that the pair of the repro-
ducing heads 12a and 12b has an azimuth angle of opposite
phase from each other.

In this magnetic head drive 10 which employs the helical
scan system, while the magnetic tape 3 partially wound
around the head drum 13 runs in the direction of the arrow
B 1 FIG. 2, when the rotary drum 14 1s rotated in the
direction of the arrow C 1 FIG. 2, the recording heads 114,
115 and the reproducing heads 12a4, 126 mounted on the
rotary drum 14 are operated slantingly to scan the magnetic
tape. Accordingly, the recording heads 11a, 115 and the
reproducing heads 12a, 126 mounted on the rotary drum 14
perform signal recording or reproducing operations on and
from the magnetic tape 3 making slide contact therewith.

More speciiically, when recording signals, whereas the
one recording head 1la forms a recording track with a
predetermined track width by applyimng a magnetic field
corresponding to a recording signal, the other recording
head 115 forms a recording track with a predetermined track
width, adjacent to the recording track formed by the record-
ing head 114, by applying a magnetic field corresponding to
a recording signal. Through operation of these recording
heads 11a, 115 to form recording tracks repeatedly onto the
magnetic tape 3, continuous signal recording to the magnetic
tape 3 can be performed. Accordingly, on this magnetic tape
3, both recording tracks written by each of the pair of the
recording heads are formed alternately.

Further, when recording signals, it has been practiced to
minimize a non-recorded region between adjacent recording
tracks, 1.e., a so-called guard band and thus improve a
recording density in the magnetic tape 3 by arranging such
that a subsequent recording track i1s formed slightly to
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overlap a preceding recording track. Still further, the record-
ing heads 11a and 11b6 are disposed so that each recording
gap 1s slanted to the direction orthogonal to the scan direc-
tion of the head depending on the azimuth angle, and the
azimuth angle 1s set to be an opposite phase to each other so
as to minimize interference or cross-talk between adjacent
recording tracks.

On the other hand, when reproducing signals, whereas
one reproducing head 12a detects a magnetic field of signal
from a recording track recorded by the one recording head
11a, the other reproducing head 12b detects a magnetic field
of signal from another recording track adjacent thereto
recorded by the other recording head 11b. By operating these
reproducing heads 12a and 12b repeatedly to detect mag-
netic fields of signals from the recording tracks, the signals
recorded on the magnetic tape 3 are continuously repro-
duced.

By the way, the inductive thin film magnetic head 20
according to the preferred embodiment of the present inven-
tion shown 1n FIGS. 3 and 4 1s used for the pair of the
recording heads 11a, 11b described above.

In this thin film magnetic head 20, because each compo-
nent elements thereof such as magnetic cores, coils and the
like are formed on the substrate using a thin film process
such as plating, sputtering, ion-milling or the like, it can
cope with a demand for a still narrower track width and a
higher recording density of recording in a magnetic record-
ing medium.

More specifically, each of the pair of the recording heads
11a, 11b has a structure that 1s provided by forming the thin
f1lm magnetic head 20 on a first head material member 21
made of a nonmagnetic material, and bonding a second head
material member 23 made of a nonmagnetic material on the
thin film magnetic head 20 via a protection film 22.

It 1s noted that this thin film magnetic head 20 1s fabri-
cated by the steps of forming a plurality of head elements
having a stmilar shape on a first substrate which becomes the
first head material member 21; bonding a second substrate
which becomes the second head material member 23 on the
plurality of head elements formed on the first head material
so as to form a plurality of head blocks; and slicing the
plurality of head blocks into each head chips.

Further, 1n order to ensure a smooth contact with the
magnetic tape 3, this thin film magnetic head 20 1s provided
with a medium shiding contact surface 20a for making a
sliding contact with the magnetic tape 3, which 1s fabricated
to have a curved surface like a circular arc curved along the
scanning direction of the head as shown by an arrow D 1n
FIG. 3. Then, the thin film magnetic head 20 1s disposed so
that a recording gap G thereof exposed to the outside from
the medium sliding contact surface 20a 1s slanted relative to
a direction approximately orthogonal to the scanning direc-
tion of the magnetic tape 3 corresponding to the azimuth
angle 0.

It 1s noted that each of the pair of the recording heads 11a,
11b has a similar structure except that each azimuth angle 1s
set 1n an opposite phase to each other. Therefore, in the
following description, these pair of the recording heads 114,
115 will be described together as the thin film magnetic head
20.

With reference to FIGS. §, 6 and 7, this thin film magnetic
head 20 comprises a lower magnetic core layer 24 and an
upper magnetic core layer 25 forming a magnetic circuit in
combination, which are laminated on a first head material
21. The lower magnetic core layer 24 and the upper mag-
netic core layer 25 have a protrusion 24a and a protrusion
25a, respectively, matching each other on each end thereof
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on the side of a medium facing surface opposing the
magnetic tape 3, 1.€., on the side of the medium shding
contact surface 20, protruding with each predetermined
track width Twl, Tw2 corresponding to each recording track
to be formed on the magnetic tape 3. These protrusions 24a
and 25a are positioned adjacent to each other 1n the direction
of lamination via a nonmagnetic layer 26 to form the
magnetic gap G therebetween.

In the thin film magnetic head 20 as described above, it
has become possible to narrow a recording magnetic field
from the magnetic gap G by forming the protrusion 24a on
the lower magnetic core layer 24 matching the protrusion
25a of the upper magnetic core layer 25, thereby enabling to
record very small recording bits 1n a recording track on the
magnetic tape 3.

Further, a back gap 1s formed by connecting the lower
magnetic core layer 24 and the upper magnetic core layer 25
at the other ends thereof remote from the medium shiding
contact surface 20a 1 a depth direction therefrom. Between
the lower magnetic core layer 24 and the upper magnetic
core layer 25 there 1s provided a thin film coi1l 27 wound
around this back gap in a state of being embedded 1n the
nonmagnetic layer 26.

Further, an internal end and an external end of the thin
film coil 27 are extended to the opposite side from the
medium sliding contact surface 20a to be connected to lead
wires 28a, 285 as shown 1n FIG. 3. These lead wires 28a,
28b are connected to external connection terminals 29a, 29bH
for connection with an external circuit which supplies a
current to the thin film coil 27 corresponding to the record-
ing signal.

Further, the uppermost surface of this thin film magnetic
head 20 1s covered with the above-mentioned protection film
22 except a portion exposing the external connection termi-
nals 29a, 295 to the outside.

In order to perform the azimuth recording described
above, this thin film magnetic head 20 1s disposed so that the
magnetic gap G thereof 1s slanted to the direction orthogonal
to the scanning direction of the head, which 1s indicated by
the arrow D 1n FIG. 3, corresponding to the azimuth angle
0.

Further, this thin film magnetic head 20 1s disposed such
that the upper magnetic core layer 235 1s positioned preceding
the lower magnetic core layer 24 1n the scanning direction of
the head. Namely, 1 this thin film magnetic head 20, the
protrusion 25a on the side of the upper magnetic core layer
25 15 positioned on a so-called leading side 1n the scanning
direction of the head, and the protrusion 244 on the side of
the lower magnetic core layer 24 1s positioned on a so-called
trailing side opposite the leading side.

Still further, 1n this thin film magnetic head 20, both side
surfaces of the protrusion 24a in the direction of the track
width on the lower magnetic core layer 24 on the side of the
medium sliding contact surface 20a are fabricated to have
inclined side surfaces 30a, 30b, inclined at angles 01, 02
which are equal to or greater than the azimuth angle, and
both ends 31a, 31b of a top side adjacent to the magnetic gap
G of the protrusion 254 of the upper magnetic core layer 25
are positioned respectively on lines S1, S2 drawn extending
from the above-mentioned inclined side surfaces 30a, 305 of
the lower magnetic core layer 24.

In this case, a track width Tw2 on a top side adjacent to
the magnetic gap G of the protrusion 254 on the upper
magnetic core layer 25 which 1s on the leading side 1is
smaller than a track width Tw1 on a top side adjacent to the
magnetic gap G of the protrusion 24a on the lower magnetic
core layer 24 which 1s on the trailing side. In addition, even
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if the magnetic gap G 1s disposed slantingly corresponding
to the azimuth angle 0O, the track width Tw2 of the upper
magnetic core layer 25 which 1s on the leading side 1s caused
to reside 1nside the track width Twl of the lower magnetic
core layer 24 which 1s on the trailing side.

In the thin film head 20 fabricated as described above,
when a current corresponding to a recording signal 1s
supplied from the external circuit to the thin film coil 27, a
magnetic flux 1s generated passing through the lower mag-
netic core layer 24 and the upper magnetic core layer 25, and
simultaneously, a recording magnetic field 1s produced 1n the
magnetic gap G. By applying this recording magnetic field
to the magnetic tape 3, a recording track on which recording
bits are recorded 1s formed corresponding to the recording
signal.

Here, 1in a case where the azimuth recording 1s performed
using the thin film magnetic head 20 described above, as
shown 1n FIG. 8, a recording bit recorded by the recording
magnetic field generated at the protrusion 254 on the upper
magnetic core layer 25 which 1s on the leading side 1n the
scanning direction of the head 1s re-recorded or overwritten
by the recording magnetic field generated at the protrusion
24a on the lower magnetic core layer 24 which i1s on the
trailing side.

In this case, because that one end 31b of a top side
adjacent to the magnetic gap G of the protrusion 254 on the
upper magnetic core layer 25 which 1s on the leading side 1s
aligned on a line S2 extending from the inclined side surface
30/ of the protrusion 24a on the lower magnetic core layer
24 which 1s on the trailing side, 1t 1s enabled to record a
recording bit in a recording track to be formed on the
magnetic tape 3, which has suppressed a phase difference
between a track width Twl of the recording bit recorded by
the recording magnetic field generated at the protrusion 24a
on the lower magnetic core layer 24 positioned on the
trailing side and a track width Tw2 of the recording bait
recorded by the recording magnetic field generated at the
protrusion 254 on the upper magnetic core layer 25 posi-
tioned on the leading side.

Therefore, even if the azimuth recording to the magnetic
tape 3 1s performed by use of this thin film magnetic head 20,
it 1s enabled to suppress the occurrence of the side erase, and
prevent narrowing of an eifective track width of the record-
ing bit formed by this thin film magnetic head 20.

Now, with reference to FIGS. 9, 10 and 11, a thin film
magnetic head 40 according to another preferred embodi-
ment of the invention will be described. In this thin film
magnetic head 40, parts equivalent to or similar to those as
in the above thin film magnetic head 20 will be omitted of
its description, and labeled with the same reference numerals
in the accompanying drawings.

This thin film magnetic head 40 of the another preferred
embodiment of the present invention has a construction
similar to that of the thin film magnetic head 20 described
above except that both side surfaces of the protrusion 25a on
the upper magnetic core layer 25 on the leading side which
are aligned on limes S1, S2 extending from inclined side
surfaces 30a, 30b of the protrusion 24a on the lower
magnetic core layer 24 on the trailing side are fabricated to
have inclined side surfaces 41a, 41b slanting at angles 01,
02, equal to or greater than the azimuth angle.

Also, 1n this case, a track width Tw2 of a top side adjacent
to the magnetic gap G of the protrusion 25a on the upper
magnetic core layer 25 on the leading side becomes smaller
than a track width Tw1 of a top side adjacent to the magnetic
gap G of the protrusion 24a on the lower magnetic core layer
24 on the trailing side. In addition, even 1f the magnetic gap
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G 1s disposed slantingly corresponding to the azimuth angle
0, the track width Tw2 on the side of the upper magnetic core
layer 25 positioned on the leading side will be contained
inside the track width Twl on the side of the lower magnetic
core layer 24 positioned on the trailing side.

When the azimuth recording 1s carried out using this thin
film magnetic head 40 according to another preferred
embodiment of the present invention, as shown 1n FIG. 12,
the inclined side surface 41b of the protrusion 254 on the
upper magnetic core layer 25 positioned on the leading side
1s aligned on a line S2 drawn extending from the inclined
side surface 30b of the protrusion 24a on the lower magnetic
core layer 24 positioned on the trailing side. Therefore, it 1s
enabled to record such a recording bit 1n a recording track to
be formed on the magnetic tape 3 that has suppressed a
phase difference between the track width Twl of a recording
bit recorded by the recording magnetic field generated at the
protrusion 24a on the lower magnetic core layer 24 on the
trailing side and the track width Tw2 of a recording bit
recorded by the recording magnetic field generated at the
protrusion 254 on the upper magnetic core layer 25. Further,
in this case, a side fringing generated from both sides: an
upper side along which inclined side surfaces 30b and 415
are aligned; and a lower side along which inclined side
surfaces 30a and 41a are aligned, can be reduced even
smaller than 1n the case of the thin film magnetic head 20
described above. As a result, the thin film magnetic head 40
suppresses the side erase substantially further more than 1n
the thin film magnetic head 20 described above.

Therefore, by use of this thin film magnetic head 40, when
the azimuth recording i1s performed to the magnetic tape 3,
not only the side erase resulting from the deviation of
magnetic cores 1n the direction of the track widths by the
azimuth recording can be suppressed, but also the occur-
rence of the side erase due to the side fringing can be
suppressed, thereby preventing the effective track width of
recording bits formed by the thin film magnetic head 40
from being reduced.

By the way, as a related invention concerning an HDD, a
thin film magnetic head has been proposed (refer to the
patent document No. 1), in which a lower magnetic core
layer 1s positioned on the leading side preceding the upper
magnetic core layer 1n the scanning direction of the head,
and where at least one side surface in the direction of the
track width of the protrusions on the lower magnetic core
layer and the upper magnetic core layer has an inclined side
surface inclined at an angle greater than a maximum angle
of the skew angle.

In a magnetic disk drive represented by the HDD as
described above, although 1t 1s basically a non-azimuth
recording type, because 1ts magnetic head which 1s operated
in a radius direction of a magnetic disk 1s likely to have a
skew angle which 1s variable to a certain degree with respect
to the magnetic disk, the magnetic head mounted on a
floating head shider which 1s floating on the magnetic disk
will slant 1ts magnetic gap corresponding to the skew angle
in the scanning direction of the head, 1.e., 1n the direction of
rotation of the disk, likewise 1n the case of the azimuth
recording method described above. As a result, causing a
problem of rewriting or erasing of data n an adjacent
recording track to occur. The thin film magnetic head
disclosed 1n the patent document 1 1s proposed as means for
solving the above problem similar to that in the azimuth
recording.

However, 1n this case, because the thin film magnetic head
1s formed on the substrate which becomes the floating head
slider, owing to the floating posture of the floating head
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slider, the protrusion on its lower magnetic core layer 1s
positioned on the leading side 1n the scanning direction of
the head, and the protrusion on 1ts upper magnetic core layer
1s positioned on the trailing side.

Therefore, 1n the thin film magnetic head disclosed 1n the
patent document 1, likewise a thin film magnetic head 60 as
shown 1n FIG. 13, 1t has a reversed arrangement of the thin
f1lm magnetic head 40 described above with reference to
FIG. 12, so that protrusion 24a on the lower magnetic core
layer 24 1s positioned on the leading side whereas protrusion
25a on the upper magnetic core layer 25 1s positioned on the
trailing side. In the case of this reversed arrangement,
recording bits recorded by a recording magnetic field gen-
crated at the protrusion 24a on the lower magnetic core layer
24 on the leading side 1n the scanning direction of the head
will be re-recorded by a recording magnetic field generated
at the protrusion 254 on the upper magnetic core layer 25 on
the tailing side.

In this case, although such advantages may be expected
that adverse magnetic effects of overwriting or erasing data
in an adjacent recording track are suppressed to some
degrees, because of a fact that a track width Tw2 of the top
side adjacent to the magnetic gap G of the protrusion 25a on
the upper magnetic core layer 25 which 1s positioned on the
trailing side 1s smaller than a track width Tw1 of the top side
adjacent to the magnetic gap G of the protrusion 24a on the
lower magnetic core 24 which 1s positioned on the leading
side, there occurs a problem that a recording bit including a
phase difference therein 1s recorded 1n its own recording
track, thereby reducing an effective track width of the
recording bits.

Computer simulations are executed for the thin film
magnetic head 20 according to the preferred embodiment of
the present invention shown 1n FIG. 8, the thin film magnetic
head 40 according to another preferred embodiment of the
present 1nvention shown in FIG. 12, and the thin film
magnetic head 60 shown 1in FIG. 13 as well as the conven-
tional thin film magnetic head 100 shown in FIG. 23 to
simulate each pattern of recording bits (di-bit pattern)
recorded on a recording medium using each head described
above. As a recording medium, the metal evaporated tape
described above 1s used. Of the three recording bits sequen-
tially recorded by scanning each head on a magnetic tape
which was kept still, a boundary of a recording bit in the
center resulting from a magnetization reversal 1s sampled
and subjected to computer simulation.

In this computer simulation, conditions of computation
are set as follows: an azimuth angle at 20 degrees; a track
width of the upper magnetic core layer at 1.8 um; a magnetic
gap length at 0.25 um; each length of the three recording bits
at 1.0 um; and a magnetic spacing between the medium
sliding contact surface and the magnetic tape at 30 nm.

As shown 1n FIG. 14A, in any one recording bit 200
recorded by the conventional thin film magnetic head 100
shown 1n FIG. 23, a pair of recording patterns 200z, 2005
from both edges 1n the direction of its track width of the
recording bit extending toward the scanning direction of the
head (toward the leading side) are formed due to a phase
difference 1n the direction of the track width in the recording
bit due to a deviation 1n the direction of the track width
between the recording magnetic field generated at the pro-
trusion 10256 on the lower magnetic core layer 102 on the
leading side and the recording magnetic field generated at
the protrusion 1034 on the upper magnetic core layer 103 on
the trailing side.

As shown 1n FIG. 14B, when a plurality of such recording
bits 200 are recorded on a recording track on the magnetic
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tape, a pair of the recording patterns 200a, 20056 of a
preceding recording bit 200 recorded previously extends to
track edges of a subsequent recording bit 200 so as to cause
the side erase therein to occur, thereby partially reducing an
cifective track width of the recording bits 200 1n the vicinity
of 1ts magnetization transier region. More specifically, as a
result of the stimulation, in comparison with a total width of
the recording bit 200 bemng 2.10 um, the effective track
width thereof 1s partially narrowed, in particular, in the
vicinity of the magnetization transition region, and in the
worst case, 1t 1s narrowed to 1.96 um.

In contrast to the above, as shown 1n FIG. 15A, 1n the thin
film magnetic head 20 according to the preferred embodi-
ment of the present invention, because that the one end 315
of the top side adjacent to the magnetic gap G of the
protrusion 25a on the upper magnetic core layer 25 on the
leading side 1s positioned on the line S2 drawn extending
from the inclined side surface 30b of the protrusion 24a on
the lower magnetic core layer 24 on the trailing side, the
track width Tw2 of a recording bit recorded on the recording
track formed on the magnetic tape 3 by the recording
magnetic field generated at the protrusion 254 on the upper
magnetic core layer 25 on the leading side 1s ensured to be
contained within the track width Twl of a recording bait
recorded thereon by the recording magnetic field generated
at the protrusion 24a on the lower magnetic core layer 24
positioned on the trailing side. Accordingly, 1n comparison
with the recording bits 200 which are recorded by the
conventional thin film magnetic head 100 and revealed the
problem of inclusion of a large phase difference in the
computer simulation, a preferable recording bit 70 can be
recorded with the phase difference suppressed therein
advantageously.

Therefore, according to this thin film magnetic head 20, as
shown 1n FIG. 15B, even if the azimuth recording 1s per-
formed to the magnetic tape 3, the occurrence of the side
erase can be suppressed, thereby suppressing reducing the
effective track width 1n the recording bit 70 to be formed by
the thin film magnetic head 20. More specifically, as a result
of the simulation, whereas a total width of the recording bit
70 1s 2.10 um, an effective track width thereof 1s ensured to
be contained within 2.03 u#m at worst.

The reason why the total widths of the recording bit 200
and the recording bit 70 are widened to 2.10 um 1s consid-
ered to be due to that the influence of the side fringing from
the thin film magnetic heads 100, 20 was substantially large.
Therefore, 1n the thin film magnetic head 20 shown 1n FIG.
8, within a range of a magneto-motive force or a magnetic
spacing 1in which the influence of the side fringing is not
large, the recording bit 70 1s recorded with the phase
difference therein suppressed accordingly, thereby enabling
to suppress reducing of the effective track width i the
recording bit 70.

As shown 1n FIG. 16 A, on the other hand, 1n the thin film
magnetic head 40 according to the preferred embodiment of
the mvention shown 1n FIG. 12, because that the inclined
side surtace 41b of the protrusion 254 on the upper magnetic
core layer 25 on the leading side 1s positioned on the line S2
extending from the inclined side surface 30b of the protru-
sion 24a on the lower magnetic core layer 24 positioned on
the trailing side, the track width Tw2 of the recording bit
recorded on the recording track formed on the magnetic tape
3 by the recording magnetic field generated at the protrusion
25a on the upper magnetic core layer 25 on the leading side
can be contained inside the track width Tw1 of the recording
bit recorded by the recording magnetic field generated at the
protrusion 24a on the lower magnetic core layer 24 on the
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trailing side, thereby enabhng to record a recording bit 80 1n
which the phase difference 1s substantially suppressed. In
addition, 1n this case, as 1t 1s enabled to reduce side fringing
generated from both sides of the upper side line along which
the 1nclined side surfaces 305 and 41b are formed and the
lower side line along which the inclined side surfaces 30a
and 41a are formed, the occurrence of the side erasing as
observed 1n the thin film magnetic heads 100 and 20 due to
the side fringing described above can be also suppressed.

Therefore, as shown i FIG. 16B, in this thin film mag-
netic head 40, even if the azimuth recording to the magnetic
tape 3 1s conducted, the occurrence of the side erasing due
to the positional deviation of the magnetic core 1n the
direction of the track width in the azimuth recording as well
as the occurrence of the side erasing due to the side fringing
can be suppressed simultaneously, thereby suppressing the
narrowing of the effective track width in the recording bit 80
formed by use of this thin film magnetic head 40. More
specifically, as a result of the simulation, it 1s noted that
whereas a total width of the recording bit 80 was 2.03 um,
its effective track width also became 2.03 um, thereby
proving that any decrease in the track width due to the phase
difference 1n the recording bit described above did not occur.
Further, 1n contrast to the total widths of the recording bits
200 and 70 being 2.10 um as described above, the total width
of the recording bit 80 was narrowed to 2.03 um, thereby
proving the suppression of the influence of the side fringing.

As shown 1 FIG. 17A, 1n contrast to the above, 1n any one
recording bit 90 recorded by the above thin film magnetic
head 60 shown 1n FIG. 13 described above, when a record-
ing bit once recorded by the recording magnetic field
ogenerated at the protrusion 24a on the bottom magnetic core
layer 24 positioned on the leading side i1s re-recorded
(overwritten) by the recording magnetic field generated at
the protrusion 254 on the upper magnetic core layer 2§
positioned on the trailing side, because of the presence of a
phase difference 1n the recording bit due to an insufficient
overwriting in the direction of the track width, a pair of
recording patterns 90a, 90b extending from both side edges
of the recording bit in the direction of the track width thereot
toward the scanning direction of the head (toward the
leading side) are formed.

Then, as shown 1n FIG. 17B, when a plurality of such
recording bits 90 are recorded on a recording track on the
magnetic tape 3, likewise the recording bits 200 shown 1n
FIG. 14B described above, as the pair of the recording
patterns 90a, 90b existing on both sides of the recording bit
90 recorded previously extend to the track edges of a
subsequent recording bit 90 to cause a side erasing thereof,
an ecflective track width of the recording bits 90 will be
reduced 1n the vicinity of i1ts magnetization transition region.
More specifically, as a result of its computer simulation,
whereas a total width of the recording bit 90 1s 2.17 um, the
cffective track width thereof was partially reduced to 1.96
um 1n the vicinity of the magnetization transfer region 1n the
worst case, demonstrating the worst result among the four
types of the thin film magnetic heads having a different core
structure and subjected to the computer simulation.

It 1s noted that the reason why the total width of the
recording bit 90 became larger than those of the other types
of heads 1s considered owing to that the track width Twl of
its side adjacent to the magnetic gap G of the protrusion 24a
on the lower magnetic core layer 24 positioned on the
leading side 1s larger than the track width Tw2 of its side
adjacent to the magnetic gap G of the protrusion 25a on the
upper magnetic core layer 25 positioned on the trailing side,
and, in combination with the above, that a recording mag-
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netic field generated at the protrusion 24a on the lower
magnetic core layer 24 positioned on the leading side can
reverse the magnetization 1n the magnetic layer of the vapor
deposition tape even at a slightly smaller recording magnetic
field strength 1n comparison with a recording magnetic field
generated at the protrusion 25a on the upper magnetic core
layer 25 positioned on the trailing side.

With reference to FIG. 18, a method of recording infor-
mation to a metal evaporated tape 300 will be described by
way of example of using the thin film recording head 100
described above. In FIG. 18, there 1s shown only a portion
in the vicinity of the medium sliding contact surface where
a protrusion 103a on the side of an upper magnetic core
layer 103 and a protrusion 1026 on the side of a lower
magnetic core layer 102 are disposed opposite to each other
via a gap G' of the thin film recording head 100.

The metal evaporated tape 300 described above 1s pre-
pared by obliquely depositing a metal magnetic film 302 on
a nonmagnetic base material 301. The most remarkable
feature of this metal evaporated tape 300 for recording/
reproducing signals resides 1n that its axis of easy magne-
fization 1s slanted relative to a normal line 1n a cross-section
of the film including a longitudinal direction of the tape.
Further, arrows indicated 1in FIG. 18 show each direction of
magnetization inside the metal magnetic film 302 of the
metal evaporated tape 300.

On the other hand, 1n the thin film magnetic head 100,
whereas a recording magnetic field M1 generated at the
protrusion 1026 on the lower magnetic core layer 102
positioned on the leading side is slanted to a similar side (or
direction) as an easy axis of magnetization of the metal
evaporated tape 300, a recording magnetic fiecld M2 gener-
ated at the protrusion 1034 on the upper magnetic core layer
103 positioned on the trailing side 1s slanted oppositely to
the easy axis of magnetization in the metal evaporated 300,
namely, it is slanted to a similar side (direction) as a hard
ax1s of magnetization.

By the way, contrary to the arrangement of FIG. 18, it may
be arranged such that the easy axis of magnetization in the
metal evaporated tape 300 relative to the thin film magnetic
head 100 1s slanted to the same direction as the recording
magnetic field M2 generated at the protrusion 103a on the
upper magnetic core layer 103 positioned on the trailing
side. However, according to the arrangement of FIG. 18 1n
which the easy axis of magnetization 1n the metal evaporated
tape 300 1s slanted to the same direction as the recording
magnetic field M1 generated at the protrusion 10256 on the
lower magnetic core layer 102 positioned on the leading
side, as a rate of decrease of components 1n the direction of
the easy axis of magnetization becomes steep for the record-
ing magnetic field M2 generated at the protrusion 1034 on
the upper magnetic core layer 103 positioned on the trailing
side, advantageously, an effect of further narrowing of a
magnetization transfer region 3034 1n a recording bit 303
recorded on the tape 300 can be obtained, the arrangement
as shown 1 FIG. 18 1s usually adopted.

Accordingly, 1n the case of the arrangement as shown 1n
FIG. 18, as the recording magnetic field M1 generated at the
protrusion 10256 on the lower magnetic core layer 102
positioned on the leading side is slanted to the same side
(direction) as the easy axis of magnetization in the metal
evaporated tape 300, it 1s possible to reverse the magneti-
zation 1n the metal magnetic film 302 of the metal evapo-
rated tape 300 even at a recording magnetic field strength
which 1s slightly smaller than a minimum recording mag-
netic field strength required for the recording magnetic field
M2 generated at the protrusion 1034 on the upper magnetic
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core layer 103 positioned on the trailing side to reverse the
magnetization 1n the metal magnetic film 302 of the metal
evaporated tape 300.

From the above discussion, the reason why the total width
of the recording bit 90 recorded by the thin film magnetic
head 60 shown 1n FIG. 13 became larger than those recorded
by the other heads 1s considered owing to that the recording
magnetic field generated at the protrusion 24a on the lower
magnetic core layer 24 positioned on the leading side could
reverse the magnetization in the magnetic layer of the
deposition tape even at a recording magnetic field strength
which was slightly smaller than that of the recording mag-
netic field generated at the protrusion 25a on the upper
magnetic core layer 25 disposed on the trailing side.

On the other hand, in the thin film magnetic head 40
according to the preferred embodiment of the present mnven-
fion shown 1n FIG. 12, likewise 1n the thin film magnetic
head 60 shown in FIG. 13, the track width Twl of the top
side adjacent to the magnetic gap G of the protrusion 24a on
the lower magnetic core layer 24 1s larger than the track
width Tw2 of the top side adjacent to the magnetic gap G of
the protrusion 25a on the upper magnetic core layer 25, and
1s completely the same length as the track width Twl of the
top side adjacent to the magnetic gap G of the protrusion 24a
on the lower magnetic core layer 24 1n the thin film magnetic
head 60. However, it should be noted that as the protrusion
24a on the lower magnetic core layer 24 1s positioned on the
trailing side 1n this thin film magnetic head 40, a total width
of a recording bit 80 shown 1n FIG. 16 1s contained within
a narrowest value of 2.03 um.

As a result, advantageously, by use of the thin film
magnetic heads 20, 40 according to the preferred embodi-
ment of the present invention wherein the protrusion 254 on
the upper magnetic core layer 25 1s disposed on the leading
side whereas the protrusion 24a on the lower magnetic core
layer 24 1s disposed on the trailing side, the adverse effect of
the side erasing can be substantially suppressed, 1n particu-
lar, 1n the metal evaporated tape.

It should be noted that the preferred embodiments of the
present invention described above are only exemplary and
not limited to the arrangements of the above thin film
magnetic heads 20, 40, and any other arrangements, modi-
fications or changes thereof should be construed to be within
the scope of the invention, provided that at least one side
surface 1n the direction of the track width of the protrusion
24a on the lower magnetic core layer 24 positioned on the
trailing side has the inclined side surface inclined at the
angle equal to or greater than the azimuth angle 0, and that
the one edge of the top side adjacent to the magnetic gap G
of the protrusion 254 on the upper magnetic core layer 25
positioned on the leading side 1s disposed on the line drawn
extending from the 1nclined side surface described above. In
this case, preferably, the track width Tw2 of the top side
adjacent to the magnetic gap G of the protrusion 254 on the
upper magnetic core layer 25 positioned on the leading side
1s equal to or smaller than the track width Tw1 of the top side
adjacent to the magnetic gap G of the protrusion 24« on the
lower magnetic core layer 24 positioned on the trailing side.

As the thin film magnetic head according to the preferred
embodiment of the present invention described hereinabove
can be fabricated by forming the lower magnetic core layer
24 having a broader width and to be positioned on the
trailing side on the substrate using the conventional thin film
process, then, forming the upper magnetic core layer 25
having a narrower width and to be positioned on the leading
side thereon, advantageously, the manufacture thercof
becomes ecasy. Further, even i the case where the side
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surface of the protrusion 254 on the upper magnetic core
layer 25 which coincides with the line drawn from the
inclined side surface of the protrusion 24a on the lower
magnetic core layer 24 has also an imclined side surface
inclined at an angle equal to or greater than the azimuth
angle 0, as these mnclined side surfaces reside on the same
line, these shapes can easily be fabricated.

What 1s claimed 1s:

1. An inductive thin film magnetic head, in which: at least
a lower magnetic core layer, a nonmagnetic layer and an
upper magnetic core layer are laminated on a substrate; each
of said lower magnetic core layer and said upper magnetic
core layer has a protrusion at an edge portion thereof on a
side of a medium facing plane opposed to a magnetic
recording medium, which protrudes with a predetermined
track width corresponding to a recording track to be formed
on said magnetic recording medium; a magnetic gap 1S
formed by disposing each of said protrusions adjacent to
cach other 1n a direction of lamination via said nonmagnetic
layer; said lower magnetic core layer and said upper mag-
netic core layer are connected at other edge portions thereot
remote from said medium facing plane 1 a direction of
depth therefrom; and a thin film coil 1s wound around said
other edge portions connected, wherein:

said magnetic gap 1s disposed on said medium facing

plane slantingly relative to a direction orthogonal to a
scanning direction of said head corresponding to an
azimuth angle,

said upper magnetic core layer 1s disposed on a leading

side 1n the scanning direction of said head, preceding
said lower magnetic core layer,
said protrusion on the side of said lower magnetic core
layer has an inclined side surface inclined at an angle
equal to or greater than said azimuth angle at least on
one side 1n a direction of a track width thereof, and

at least one edge of a side adjacent to said magnetic gap
of the protrusion of said upper magnetic core layer 1s
aligned on a line drawn extending from said inclined
side surface of said protrusion on the lower magnetic
core layer.

2. A thin film magnetic head according to claim 1, wherein
the protrusion of said upper magnetic core layer has an
inclined side surface inclined at an angle equal to or greater
than said azimuth angle at least on one side surface thereot
aligned on said line extending from said inclined side
surface of the protrusion on said lower magnetic core layer.

3. A thin film magnetic head according to claim 1, wherein
a track width of the protrusion on said upper magnetic core
layer on a side thereof adjacent to said magnetic gap 1s equal
to or smaller than a track width of the protrusion on said
lower magnetic core layer on a side thereof adjacent to said
magnetic gap.

4. A thin film magnetic head according to claim 1, wherein
said thin film magnetic head 1s mounted on a rotary drum
and records signals on a tape-shaped magnetic recording
medium 1n a helical scan manner while making shiding
contact therewith.

5. A magnetic tape drive including means for running a
magnetic tape and a recording head for recording signals on
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the magnetic tape driven by said means for running the
magnetic tape while making sliding contact therewith,
wherein said recording head 1s an inductive thin film mag-
netic head, 1n which: at least a lower magnetic core layer, a
nonmagnetic layer and an upper magnetic core layer are
laminated on a substrate; each of said lower magnetic core
layer and said upper magnetic core layer has a protrusion on
onc end portion thercof on a side of a medium sliding
contact plane to make a sliding contact with said magnetic
tape, which protrudes with a predetermined track width
corresponding to a recording track to be formed on said
magnetic tape; a magnetic gap 1s formed by disposing each
of said protrusions adjacent to each other via said nonmag-
netic layer 1 a direction of lamination; said lower magnetic
core layer and said upper magnetic core layer are connected
at the other ends thereof remote from said medium shiding
contact plane 1n a direction of depth therefrom; and a thin
film coil 1s wound around said other ends thereof connected,
wherein:

said thin film magnetic head comprises:
sald magnetic gap which 1s disposed slantingly on said
medium facing plane relative to a direction orthogonal

to a scanning direction of said head corresponding to an
azimuth angle;

said upper magnetic core layer which 1s disposed on a
leading side 1n the scanning direction of said head
preceding said lower magnetic core layer;

said protrusion on said lower magnetic core layer which
has an inclined side surface inclined at an angle equal
to or greater than said azimuth angle at least on one side
thereof 1n a direction of a track width; and

said protrusion on said upper magnetic core layer which
has at least one edge of a side thereof adjacent to said
magnetic gap being aligned on a line drawn extending,
from said inclined side surface of said protrusion on
said lower magnetic core layer.

6. A magnetic tape drive according to claim 5, wherein
said protrusion on said upper magnetic core layer has an
inclined side surface mnclined at an angle equal to or greater
than said azimuth angle at least on one side surface thereof
which 1s aligned on a line extending from said inclined side
surface of said protrusion on said lower magnetic core layer.

7. A magnetic tape drive according to claim 5, wherein a
track width on a side adjacent to said magnetic gap of said
protrusion on said upper magnetic core layer 1s equal to or
smaller than a track width on a side adjacent to said
magnetic gap of said protrusion on said lower magnetic core
layer.

8. A magnetic tape drive according to claim 5,

wherein said means for running said magnetic tape
includes a rotary drum which 1s rotated on said mag-
netic tape wound around an outer periphery thereof,
and wherein said thin film magnetic head 1s mounted on
sald rotary drum for recording signals on said magnetic
tape 1n a helical scan manner while making sliding
contact therewith.
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